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© Semiconductor diode laser array. 



A semiconductor diode laser array device 1 ca« 
pable of emitting a high optical power in a narrow 
beam, the device l comprising a surface emission 
multiridge waveguide structure in which emission 
can take place from a surface 4 occupying both a 
longitudinal and a lateral dimension of the device, 
the dimension in each case being much greater than 
the emitted light wavelength. Stability in one of said 
dimensions may be maintained by an anay design 
having a spaced arrangement of laser elements po- 
sitioned such that the optical field in one element 
CM partly overtaps that of a neighbouring element Pref- 
^erably. die sum of ttie propagation constant and the 
^coupling parameters to the neighbouring elements 
OO^uais the same value for ati the elements in the 
^ array. 
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SEMICONDUCTOR OlOOE USER ARRAY 
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oveiiaps that of a n ightwuring lem nt The sum 
of the propagation constant and the coupling pa- 
rameters to the neighbouring elements may equal 
th same value for all the elements in the array. 

An output coupling region of the device may 
be formed by a grating coupler. The grating cou- 
pler may can7 a shadow coating. 

Preferably* the device may include high re- 
flectivity end facets. A substrate beam reflector 
may be provided. If required. 

By way of example, some particular embodi- 
ments of the invention will now be described with 
reference to the accompanying drawings, in which: 
Rgure 1 is a perspective view showing the 
device structure. 

Figure 2 is a plan view. 

Rgures 3 and 4 are part cross-sectional 
views taken respectively on the lines til - ill and IV- 
IV of Figure 2. 

Rgures 5 and 6 give vector space diagrams 
for grating coupled radiation. 

Rgure 7 illustrates the action of a Bragg 
reflector located beneath the laser stripe, and, 

Rgure 8 shows two possible embodiments 
one with a simple facet reflector and one with a 
grating reflector. 

As depicted in Rgure 1 . the laser array device 
comprises a gallium arsenide substrate tody 1 
which fs mounted on a heatsink 2. The body 1 
carries an active region 3 and in this part a grating 
coupler 4 is provided. At each side of the grating 
coupler 4, ridge guides 6 are located. 

The ends of the device 1 also include reflective 
facets 7. 

Rgure 2 is a plan view showing the striicture of 
the grating coupler 4 with the reflective end facets 
7. The grating coupler is a structure of parallel 
grooves with the bottom surface of each groove 
canving a periodic stnjcture with the period being 
of the same order as the optical wavelength. One 
example of this structure is a corrugated surface, 
another example would be a row of triangular 
prisms. 

Rgure 3 is a cross-sectional view greatly en- 
^-larged which depicts only the right hand part of the 
section. The substrate body 1 can be seen to 
support a guide region 8 of gallium aluminium 
arsenide and this in turn carries the active region 3 
which supports a further guide region 9 of the 
gallium aluminium arsenide. The outline of the grat- 
ing coupler 4 has been formed in the material of 
the guide region 9. On top of the ridge guides 6. a 
further gallium arsenide layer 1 1 has been depos- 
ited and this is covered by a layer 12 of contact 
metal. At the side of the grating region, a layer 13 
of electrical insulation material has been deposited 
prior to the deposition of th contaa m tal layer 
12. 



The ridge guide metallisation lay r 12 is pro- 
vided vyith multiple lateral electrical connections 
using air bridge technology. This is effected by the 
bridging wires 14 which connect together all the 
5 areas of contact metal fomiing the layer 12. There 
is likely in a practical construction to be several 
parallel arrangements of bridging wires along the 
length of the device. This helps to ensure uniform 
current distribution. 

70 The grating out coupling is depicted in Rgure 
4 which is a cross-sectfonal view greatiy enlarged 
taken atong the length of the bottom surface of one 
of the grooves of the grating coupler 4. For the 
sake of darlty In this Rgure. the side wall of the 

15 groove structure, which would normally lie behind 
the corrugated bottom surface, has been omitted. 

Rgure 4 show the corrugated shape of the 
bottom surface of the groove which Is formed with 
alternative facets pointing generally to the left and 

20 to the right On one set of the alternate facets, a 
high reflectance coating 16 has been deposited 
and on the other set an amireflectance coating 17. 
The main direction of the output radiation 18 is 
indicated by arrows. 

25 The grating pitch can be selected such that 
only one radiating partial wave exists.^ This requires 
the pitch to be smaller than the wavelength in the 
material. In this case there is no significant Bragg 
reflection back into the lasing mode within the gain 

30 band. The coupler may be designed to match to 
radiation modes at for example about 45" from the 
normal. The grating can be blazed and selectiveiy 
coated to enhance radiation into only one of the 
side modes. The con^spondlng radiation mode into 

3S the substrate can be reflected by a semiconductor 
multilayer Bragg reflector below the active region in 
an optimised devicis. as will be discussed later. 

A grating pitch of about 0.85 times the light 
wavelength In the material corresponds to abo\A 

40 220 nanometres which is within the possiDllity of 
construction by current grating technology. As an 
alternative, a larger pitch of say about 1 .25 times 
the wavelength can be used. This larger pitch gives 
more flexibility In the design because it is easier to 

45 control the grating profile, but a second radiating 
partial wave which exists for this pitch must be 
suppressed. 

The various diffracted beams are conveniently 
described by vector space diagrams (see Rgures 5 

50 and 6) where the horizontal line shows the interface 
between the waveguide (below the line) and air 
(above the tine). The different symbols ^own have 
their usual meanings for this art. For simplicity, the 
diagrams show only the wave vectors correspond* 

55 ing to the laser mode propagating from left to right 
the complete diagram is ot^tained by superposing 
th vector diagram for right to left propagation 
which is the minor image of the given diagram in 
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8^9 reflection in a multilayer stack of ii^v 
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semiconductor materiais has ho**« ^ 
for us in surface mi«L I ^^onstrated 

-"^nggeometJTnLSSJthtr'"" 

the grating coupler. This power cL^fn ^ ^ ""^ 
upwards by S^Z^l^ul'^^ 
^fleeter beneath the liJ^iipe STS?" 
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. 1^ men ,s refracted parallel to the surface • 

The mermal behaviour of a oi»n>, ^ ^. 
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erated. and removed JU.. * ''^^ Se"" 
Ung area (abSS ^S' S^l' 't'^""^ ' 
-atres,. tL d^niSnrrrar^L^'*^ 
structure will be dus to Zl .. '^«^<» in our 
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Millimetre Wave Int^ratei r ^"^^^^ and 
cesses and can b^^^^ fT"' '"^"^'^^ - 
so posed laser ne J^ ^'^"^^ '° P'o- 
connection^ win L^ "° »' cross 
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'aducedTy ^^Z Z^" 

metallisation. Th.s techniqurht Si 
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modulators. """".nium arsenide optical 

High reliability Win be ensured in m device by 
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substrate selection (low defect density), high qual- 
ity material growth (MOCVD). optical and electrical 
design (minimisation of power and current densities 
to r duce fac t d gradation and metal migration) 
and low stress bonding Ounction up). The highly 
reflecting conventional facets will reduce the peak 
pow r d nsity below that in a conventional one- 
dimensional array. Power density in the two-dimen- 
sional coherent output beam wilt be less than 
lOkW/cm^. this value being several orders below 
likely damage thresholds. Suitable screening tests 
will be facilitated by the structure constructiont as 
defects In the active region will be likely to be 
observable from the emitting surface. 

It is expected that the construction of the 
present invention will result in laser diode arrays 
with the following perfoirmance. 
Wavelength : about 850 nanometres 
Device active area : 100 x 3000 micrometres 
Equivalent elements : 10 x 10 
Threshold current : 2A ' 

Efficiency, differential : 30% minimum, increasing 
with enhancements discussed 
Maximum phased locked power, for continuous 
working: about 3 watts at lOA (increasing with 
efficiency enhancements) 

Max phased locked power, for pulsed working : 20 
watts at 60A (" " ") 

Array filling factor : about 0.5 (defined as P 
average/p 

Output spectrum : Multilongitudinal. about 0.3 

nanometre mode spacing 

Far field, lateral : 1 " single lobed output beam 

Far field, longitudinal : 0.1* single tobed output 

beam 

It is believed that an ultimate efficiency of over 
50% is possible, with a corresponding increase in 
botii continuous working and pulsed power opera- 
tion. 

In a different embodiment the out coupling and 
end reflection may be achieved by using a grating 
acting both as coupleir^and reflector, in particular, 
this can be achieved by. having the same grating 
period both for the coupler and the reflector, but 
different grating shapes.^For example, the grating 
in the output coupling region would give efficient 
output coupling (-1 refracted order) but low cou- 
pling to the contrapropagating beam (-2 refracted 
order), the reflector should couple effectively to the 
-2 refracted order and < weakly to the -1 refracted 
order, see Figure 8. The grating reflector will pro- 
vide longitudinal mode selection. The upper part of 
Figure 8 shows in part a longitudinal cross-section 
as depicted in Figure 4;~The lower part of Figure 8 
shows ttie alternative structure where a change in 
the grating shape has been carried out at the point 
23 which causes the end portion of the grating 4 to 
act as a reflector 24. Th reflector 24 portion ttius 



has a different shape for the grating ndgee but ft 
still has the same grating period. This then acts as 
a wavelength selective nurror so that the provision 
of an end facet of high reflectivity on th end of th 

5 device is no tonger necessary. 

The foregoing description of mbodiments of 
ti)e invention has been given by way of example 
only and a number of modifications may be made 
without departing from tiie scope of the inveirtion 

w as defined in tite appended claims. For instance, 
the lateral ridge structure may be based on a Y 
coupler configuration, or some ridge design dif- 
ferent from that described in tiie aforementioned 
patent application. The important point is to ensure 

15 tiiat lateral mode stability is achieved. 

Altemative material can be used, in particular 
GalnAsP compounds using InP as substrate ma> 
terial. This has ttie advantage tiiat the substrate is 
ti-ansparent at tiie iasing wavelength, thus allowing 

20 tiie device to tiie mounted with tiie active region 
positioned dose to the heatsink, thereby Improving 
the thermal properties. 



25 Claims 

1. A semiconductor diode laser array device 
capable of emitting a high optical power in a nar- 
row beam, the device comprising a structure in 

30 which spatially coherent emission can take place 
from a surface occupying botii a longitudinal and a 
lateral dimension of tiie device, ttie dimension in 
each case being much greater than the emitted 
light wavelength. 

35 2. A device as claimed in Claim 1. in which 

stability in one of said dimensions is effected by an 
array design having a spaced arrangement of laser 
elements positioned such that tiie optical field in 
one element partiy overlaps that of a neighbQuring 

40 element ' 

3. A device as claimed In Claim 2. in which tiie 
sum of tiie propagation constant and the coupling 
parameters to tiie neighbouring elements equals 
tiie same value for ail tiie elements in ttie array. 

46 4. A device as claimed in any one of Claims 1 , 
2 and 3 in which an output coupling region is 
formed by a grating coupler. 

5. ' A device as claimed in Claim 4, where ttie 
period of tiie grating is set to give a predetennined 

so angle of coupled-out light 

6. A device as claimed in Claim 4 or 5. in 
which tiie said grating coupler carries a shadow 
coating. 

7. A device as claimed in any one of Claims 1 
55 to 6. comprising high reflectivity end facets. 

8. A device as claimed in any one of Claims 1 
to 7, comprising a grating end reflector. 
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9. A device as claimed in any one of Cbh«. , 
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@ Semiconductor diode laser array. 

@ A semiconductor diode laser array device 1 capable of 
emitting a high optical power in a narrow beam, the device 1 
comprising a surface emission multiridge waveguide structure 
in which emission can take place from a surface 4 occupying 
both a longrtudtnal and a laterai dimension of the device, the 
dimension in each case being much greater than the emitted 
light wavelength. Stability in one of said dimensions may be 
maintained by an array design having a spaced arrangement of 
laser elements positioned such that the optical field in one 
element partly overlaps that of a neighbouring element. 
Preferably, the sum of the propagation constant and ttie 
coupling parameters to the neighbouring elements equals the 
same value for all the elements in the array. 
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